Abstract The current understanding of prophylaxis of pulmonary complications in bariatric surgery is weak. Purpose: The aim of this study was to observe how changes in perioperative and postoperative treatments affect the incidence of pulmonary complications in bariatric patients. Materials: This is a retrospective clinical study of 400 consecutive bariatric patients. The patients, who either underwent a sleeve gastrectomy or a Roux-en-Y gastric bypass, were divided consecutively into four subgroups with different approaches to perioperative treatment. Methods: The first group (patients 0-100) was recovered in the intensive care unit with minimal mobilization (ICU). They had a urinary catheter and a drain. The second group (patients 101-200) was similar to the first group, but the patients used a continuous positive airway pressure (CPAP) device intermittently (ICU-CPAP). The third group (patients 201-300) was recovered on a normal ward without a urinary catheter or a drain and used a CPAP device (ward-slow). The fourth group (patients 301-400) walked to the operating theater and was mobilized in the recovery room during the first 2 h after the operation (ward-fast). CPAP was also used. Primary endpoints were pulmonary complications, pneumonia, and infection, non-ultra descriptus (NUD). Results: The number of pulmonary complications among the groups was significantly different. A long operation time increased the risk for infection (p < 0.001 95 % CI from 2.02 to 6.59 %). Conclusions: Operation time increases the risk for pulmonary complications. Changes in perioperative care toward the ERAS protocol may have a positive effect on the number of pulmonary complications.
Introduction
Most of the of world's population live in countries where being overweight kills more people than being underweight do [1] . Surgical treatment of morbid obesity has been proven to be safe [2] and has been gaining in popularity and acceptance over the past years. Like any other surgical procedure, the benefits of the operation are influenced by its morbidity and mortality [3] .
Obesity affects pulmonary function and can significantly alter cardiopulmonary physiology [4] . These alterations are a combination of mechanical-and inflammatory-mediated changes that can result in pulmonary dysfunction [4] . Obstructive sleep apnea (OSA) is more common among obese patients. With bariatric surgery, it is possible to improve OSA in the vast majority of patients [5] . Obesity is also associated with a 50 % increase in the incidence of asthma compared to normal-weight patients [6] .
Gupta demonstrated in his large cohort study that postoperative pneumonia and respiratory failure account for one fifth of the total morbidity of 5 % in bariatric surgery [3] . Congestive heart failure and stroke preoperatively were the greatest risk factors for pneumonia, while other risk factors were age, COPD, smoking, and diabetes [3] . In a review of 11,023 patients, the incidence of pneumonia varied between 0 and 2.2 % between different bariatric operation types, the overall incidence being 0.6 % [7] .
Pulmonary comorbidities can often be underdiagnosed in bariatric patients [4] . It is recommended by the Interdisciplinary European Guidelines on metabolic and bariatric surgery that bariatric surgery patients should undergo assessments for sleep apnea syndrome and pulmonary function prior to surgery [8] . A multidisciplinary approach with an anesthesiologist and pulmonary specialist while planning the operation can be beneficial [4] .
For postoperative pulmonary management, American Guidelines for the Clinical Practice for the Perioperative Nutritional, Metabolic, and Nonsurgical Support of the Bariatric Surgery recommend aggressive pulmonary toilet, spirometry, oxygen supplementation, and the use of continuous positive airway pressure (CPAP) when clinically indicated [9] . CPAP is a breathing mode in which continuous positive pressure is maintained during both inspiration and expiration in spontaneously breathing patients. Postoperative use of CPAP is often recommended [10] . In a recent meta-analysis of randomized controlled trials where CPAP was compared to standard care preventing postoperative morbidity after major abdominal surgery, no clear evidence between the control group and the CPAP group was found [11] . In bariatric surgery, similar results have been presented [10, 12] .
Enhanced recovery after surgery (ERAS) was initially invented by Henrik Kehlet in the 1990s. The content of the different ERAS protocols vary, but principles usually include the use of minimally invasive surgical techniques and aggressive postoperative rehabilitation, including early oral nutrition and early removal of tubes and urine catheters [13] . There is ample evidence on ERAS programs in other types of surgery, for example, colorectal surgery [14, 15] , but results in bariatric surgery are still unclear [16] .
The current understanding of the prophylaxis of pulmonary complications after obesity surgery is weak, and to our knowledge, there are only few publications on this topic [17] . Our study setting was a clinical study, and the aim was to observe how changes in perioperative and postoperative treatments affect the incidence of pulmonary complications in bariatric patients.
Methods
This is a retrospective, non-randomized, clinical, single center study of the first consecutive 400 patients who underwent bariatric surgery between the years 2008 and 2011 in Peijas Hospital, the Bariatric Surgery Unit of Helsinki University Central Hospital. The study included both primary and revisional bariatric surgery patients.
Patient selection was similar to the Interdisciplinary European Guidelines on Metabolic and Bariatric Surgery recommendations [8] . Patients had a body mass index over 40 kg/m 2 or over 35 kg/m 2 with comorbidities, like diabetes or hypertension. Patients also had failed to lose weight or to maintain long-term weight loss, despite appropriate nonsurgical medical care. Prior to surgery, patients underwent extensive medical, nutritional, and psychological screening. All patients met the surgeon 3 to 6 weeks after the operation and were thereafter followed by an endocrinologist and a nutritionist.
At the beginning, when bariatric operations were started de novo in Peijas Hospital, there were no guidelines available on how to prevent pulmonary complications in bariatric patients. During our learning curve, we noticed a large number of pulmonary complications or obscure infections on the ward in our first 100 patients (the ICU group). Inspired by this observational data, we started to systematically develop our postoperative treatment strategy for the next hundred patients (ICU-CPAP group). After the first 200 patients, we still were not happy with the pulmonary and infectious complication rate and made again changes to the protocol for the next hundred patients (ward-slow group). After this group, we noticed a positive change and decided to modify the protocol once more (ward-fast group). Finally, we had four different subgroups, each including 100 patients, with different perioperative protocols. We opted for an even number for the group size so groups could be easily compared. For ethical reasons, the group size had to be relatively small because of the large number of pulmonary complications observed in the first groups.
The ICU group (patients 0-100) recovered in the intensive care unit (ICU) with minimal mobilization according to the treatment principles of the ICU, which are focused on seriously ill patients. They had a urinary catheter, a drain, and an arterial blood pressure monitoring. Patients also did bottle blow exercises 10 times per day, 10 times per exercise. The ICU-CPAP group (patients 101-200) also recovered in the ICU with a urinary catheter, a drain, and an arterial needle and they did their bottle blow exercises, but they also used a CPAP device intermittently four times per day, 1 h at a time. The ward-slow group (patients 201-300) recovered on a normal ward with normal daily rehabilitative routines and without a urinary catheter, a drain, or an arterial needle. They did their bottle blow exercises as the other groups, and their CPAP therapy was started in the recovery room immediately after the operation. On the ward, they had CPAP four times per day, continuing 1 h at a time. The ward-fast group (patients 301-400) walked to the operating theater and was mobilized in the recovery room during the first 2 h after the operation. Bottle blow exercises and CPAP were used as in the previous groups. In all groups, pain medication was given mainly orally avoiding opioids. All patients also received pharmacological thromboembolic prophylaxis of enoxaparin. Antibiotic prophylaxis was given during the hospital stay with standard doses.
Total intravenous anesthesia (TIVA) was used with all the patients, without a few isolated patients. Esketamine has been used with all the patients before the end of the anesthesia.
As primary endpoints, we used pneumonia and nonspecific infection NUD. Pneumonia was diagnosed with elevated infection parameters and radiologic findings in a chest X-ray or computed tomography (CT) scan. Infection NUD was considered to be a postoperative fever with elevated infection parameters (leukocyte count and c-reactive protein) leading to a longer hospital stay or antimicrobial medication to home. In infected NUD, no clear imaging finding was obtained, but atelectasis of lungs was frequently seen. As secondary endpoints, we monitored operation time and the number of reoperations and duration of the hospital stay. Data was collected prospectively. The study setting had no ethical controversies.
Statistical analysis was carried out using SPSS version 21 (IMB Corp., New York, NY). Continuous data were tested for normality using the Shapiro-Wilk test. Results were given as mean/standard deviation (SD) and number/percentage of patients. Differences between groups in continuous variables were tested with the Kruskal-Wallis test or Mann-Whitney U test and differences in binominal or categorical variables with Fisher's exact test or Fisher-Freeman-Halton test. Logistic regression analysis was used and results given as an odds ratio and 95 % confidence intervals (CIs). Group, sex, COPD, asthma, OSA, and operation time were included in the model.
Results
Of the total 400 patients, 34 % were men. Mean age was 47.7 ± 9.1 years, ranging from 23 to 67 years, and the mean preoperative body mass index was 48.6 ± 6.9 kg/m 2 . In our study, 53.5 % of the patients had diabetes, 30.8 % sleep apnea, 16.8 % asthma, 1.25 % COPD, and 73.2 % hypertension The four groups were similar with each other regarding age, preoperative comorbidities, and preoperative weight (Table 1 ).
In the ward-slow and ward-fast groups, the number of different operation types varied compared to the ICU and ICU-CPAP groups. This was because at the time of these groups, our hospital took part in a multicenter study in which the type of operation was randomized between gastric bypass and sleeve procedure [18] . There were 17 (4.3 %) revision operations. Gastric banding was converted to a sleeve or gastric bypass in 13 of these, a band was removed in 3 cases, and a sleeve was turned into a gastric bypass in 1 case.
The incidence of pneumonia and infected NUD was compared among groups. The total number of pneumonia cases was 48 (12 %) and infected NUD 30 (7.5 %) ( Table 2 ).In the logistic regression model (Table 3) , the risk for pneumonia and infected NUD was significantly different between the ICU group and the ward-fast group. In the logistic regression model, age, asthma, COPD, or OSA did not reach significance (Table 3) . A long operation time increased the risk for infection ( Table 4 ). The difference in operation time between the patients with or without pulmonary complications was significant (Table 4) .
In order to study the learning curve, we compared the first 50 and second 50 patients in the ICU group. We found a difference between the operation times 128/100 min, respectively (p = 0.00), but there was no difference in the number of pulmonary complications 12/8, respectively (p = 0.45).
There were three reoperations in the ICU group: one gastrojejunal (GJ) anastomotic leakage and two bleedings from the gastric remnant. There were also three reoperations in the ICU-CPAP group: two enteroanastomotic (EA) stenosis and one EA strangulation. In the ward-slow group, there was one reoperation for GJ anastomotic leakage, and in the wardfast group, there were five reoperations: one intraabdominal The ICU group (patients 0-100) recovered in the intensive care unit (ICU) with minimal mobilization. They had a urinary catheter and a drain. They also made bottle blow exercises 10 times per day, 10 times per exercise; the ICU-CPAP group (patients 101-200) recovered in the ICU with a urinary catheter, a drain, and they made bottle blow exercises, but they also used a CPAP device intermittently four times per day, 1 h at a time; the ward-slow group (patients 201-300) recovered on a normal ward with normal daily rehabilitative routines and without a urinary catheter or a drain. They did their bottle blow exercises as the other groups, and their CPAP therapy was started in the recovery room immediately after the operation; the ward-fast group (patients 301-400) walked to the operating theater and was mobilized in the recovery room during the first 2 h after the operation. Bottle blow exercises were made and CPAP were used as in the previous groups bleeding, one EA leakage, one leakage in the GJ anastomosis, one anastomotic bleeding, and one suspected strangulation ( Table 2 ). There were no statistical difference in the amount of reoperations between the groups (p = 0.47) The mean hospital stay was 5 days varying from 2 to 39 days, and there was a significant difference in the hospital stay between the groups (Table 2) . Also, patients without infection complications had a shorter in-hospital time compared to those who had pneumonia/infection NUD (Table 4) .
Discussion
Postoperative pulmonary complications are common and are associated with increased mortality and morbidity [19] . Respiratory complications have also been proven to increase the length of the hospital stay and increase the cost of hospital treatment [20] .
In a study of 11,023 bariatric surgery patients, the incidence for pneumonia varied from 0 to 2.2 % [7] . In our study, the overall incidence of pneumonia was 12 %. Reasons for this high incidence can be hypothesized. We aggressively monitored postoperative problems and imaging studies were performed with a low threshold. The comparison among studies can also be unreliable because the definition for pneumonia varies greatly in the literature.
ERAS is an incorporated multiple evidence-based perioperative intervention to accelerate and standardize patient recovery without increasing the incidence of postoperative complications [21] . Its principles include aggressive postoperative rehabilitation, including early removal of tubes and urine catheters and early oral nutrition [13] . The ICU group (patients 0-100) recovered in the intensive care unit (ICU) with minimal mobilization. They had a urinary catheter and a drain. They also made bottle blow exercises 10 times per day, 10 times per exercise; the ICU-CPAP group (patients 101-200) recovered in the ICU with a urinary catheter, a drain, and they made bottle blow exercises, but they also used a CPAP device intermittently four times per day, 1 h at a time; the ward-slow group (patients 201-300) recovered on a normal ward with normal daily rehabilitative routines and without a urinary catheter or a drain. They did their bottle blow exercises as the other groups, and their CPAP therapy was started in the recovery room immediately after the operation; the ward-fast group (patients 301-400) walked to the operating theater and was mobilized in the recovery room during the first 2 h after the operation. Bottle blow exercises were made and CPAP were used as in the previous groups The ICU group (patients 0-100) recovered in the intensive care unit (ICU) with minimal mobilization. They had a urinary catheter and a drain. They also made bottle blow exercises 10 times per day, 10 times per exercise; the ICU-CPAP group (patients 101-200) recovered in the ICU with a urinary catheter, a drain, and they made bottle blow exercises, but they also used a CPAP device intermittently four times per day, 1 h at a time; the ward-slow group (patients 201-300) recovered on a normal ward with normal daily rehabilitative routines and without a urinary catheter or a drain. They did their bottle blow exercises as the other groups, and their CPAP therapy was started in the recovery room immediately after the operation; the ward-fast group (patients 301-400) walked to the operating theater and was mobilized in the recovery room during the first 2 h after the operation. Bottle blow exercises were made and CPAP were used as in the previous groups COPD chronic obstructive pulmonary disease; OSA obstructive sleep apnea
In a recently published, randomized, controlled trial, 116 patients were divided into three groups after laparoscopic sleeve gastrectomy: 78 patients to the ERAS group, 40 patients to a control group, and 38 patients in a historical group. The median hospital stay in the ERAS group was significantly shorter than in the other groups, with no difference in postoperative complication rates. In the study, perioperative management in the ERAS group included early oral intake, mobilization after 2 h returning to a ward, standardized analgesia, and antithrombotic prophylaxis [22] . The current literature has yet to define which aspects of the ERAS method will lead to better results in bariatric surgery.
Prophylactic drainage has been used in the setting of Rouxen-Y gastric bypass (RYGBP) to detect early anastomotic leaks [23] . There is only slight evidence of its benefit in bariatric surgery [24] , and prophylactic drainage might be unnecessary in this type of surgery, as shown in other types of abdominal surgery [25] . In our study, the use of urinary catheters and drains was halted after 200 patients because of the lack of a clear benefit. It can be hypothesized that catheters and drains can work as infection ports as well as increase the pain experienced by patients, slowing down the mobilization.
In our study, a modified ERAS protocol was used in the two last groups with no urinary catheters or drains and with aggressive mobilization especially in the last patient group. Our results showed that the incidence of pneumonia and non-specific infections decreased compared to each previous group, suggesting that changes in perioperative management can result in fewer complications.
There is a positive correlation between the length of anesthesia and postoperative pulmonary complications [3] . In a large meta-study of 32,889 patients, the mean anesthesia time for patients was 208 min with pulmonary complications and 160 min without [3] . In our study, we saw a similar trend. The operating time was longer in patients with pulmonary complications although the operation time in our patients was generally shorter than that in the meta-analysis.
A learning curve of 50-100 patients before gaining proficiency in bariatric Roux-en-Y gastric bypass has been suggested [26] . In our study, the operation time significantly decreased after the first 50 patients, indicating the learning curve (p = 0.00). In the first 50 patients and second 50 patients, the operation time was 128/100 min, respectively, (p = 000). The operation time decreased compared to each previous group, and operation time was found to be a correlation factor in the logistic regression model for pulmonary complications. Therefore, the conclusion that changes in perioperative management could affect the number of pulmonary complications must be taken with caution. However, no difference was seen in the number of pneumonia cases in the first and second 50 patients. The figures were 38/42, respectively, (p = 0.45), suggesting that the operation time was not the only factor affecting the number of complications.
Obese asthma patients have worse asthma control than do normal-weight patients [27] , and this might make them more vulnerable to postoperative pulmonary complications [28] . In our study, no significant correlation between the incidence of pneumonia and asthma was found. However, the group of patients with asthma was relatively small.
Bariatric surgery can lead to full or partial remission of OSA syndrome [29] and improve asthma severity with weight loss [30] . Although patients with pulmonary comorbidities are prone to complications, they should not be excluded from bariatric surgery as they can benefit greatly from the operation. Instead, with these patients, optimizing the perioperative care to avoid complications is extremely important. A correlation has been found between spirometry results and pulmonary and other complications after bariatric surgery [28] . In the future, one model to improve the outcome of bariatric surgery may be pulmonary function testing preoperatively.
The strength of this study was its dynamic study setting, which allowed us to follow current trends in perioperative care. The present study also had several limitations: first, its observational nature and the lack of randomization of the patients; second, we lacked the preoperative data of patients' smoking habits, which have been linked to increased pulmonary complications [30] ; and third, the definition for the infection NUD, fever, and elevated infection parameters. Fever postoperatively can also result from other inflammatory or reactive processes, for example, delirium or pulmonary embolism [31] . However, in our study, these were excluded, and the most probable causes for fever remain respiratory malfunction and atelectasis.
In conclusion, operation time increases the risk for pulmonary complications. Changes in perioperative care toward ERAS principles may have a positive effect on the frequency of pulmonary complications.
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